Objective: The aims of this study were to describe the dietary intakes and food behavior changes of overweight and obese children participating in the Hunter Illawarra Kids Challenge Using Parent Support (HIKCUPS) study and to describe the impact of a best practice dietary modification program. Design: A multicenter randomized controlled trial with allocation to one of three intervention arms: (1) parent-centered nutrition lifestyle program; (2) child-centered physical activity skill development program; or (3) both the programs. Participants: One hundred and sixty-five overweight, pre-pubertal children 5-9 years of age (58% female). Measurements: Dietary intake was assessed at baseline, 6 and 12 months post-commencement of the program using a semiquantitative food frequency questionnaire. Results: After 6 and 12 months, all groups improved their dietary intake, with no differences detected between groups (P40.05). Total quantity of food (g) and kJ kg À1 decreased significantly at both time points (Po0.05). Percent energy derived from core food groups, except fruit, increased significantly at 12 months compared to baseline (Po0.05), and non-core foods decreased, with the largest decreases being for sweetened drinks (5.0 ± 0.4 vs 2.9 ± 0.3% of energy baseline to 12 months, Po0.001) and packaged lunch box snacks (5.4±0.3 vs 4.1±0.3% of energy baseline to 12 months, Po0.001). Conclusion: All treatment groups in the HIKCUPS study appear to be equally efficacious in improving dietary intake in overweight and obese children. Keywords: pediatric; diet; questionnaire; treatment; children
Introduction
The prevalence of childhood obesity is increasing worldwide. 1 Effective interventions are required for those children who are already overweight. However, the evidence base for successful treatment of obesity in children is weak, with the research in this area largely comprising relatively poorly designed studies with limited follow-up. 2 A recent systematic review showed that interventions that contain a dietary component are effective in achieving relative weight loss in children. 3 However, details of dietary interventions are inadequately described in the majority of published studies, making it difficult to replicate them or to use them to provide guidance on effective dietary strategies. 2 The lack of reporting and assessment of dietary intake may be due to factors such as respondent burden, budgetary constraints and limitations in the dietary assessment tools available for use with pediatric populations. To address these evidence gaps, the Hunter Illawarra Kids Challenge Using Parent Support (HIKCUPS) study was undertaken. This is a multicenter randomized controlled trial on the treatment of overweight and obese children. The aims of this paper were to describe the dietary intake and food behavior changes of all children involved in the HIKCUPS study, preprogram and at 6-and 12-month, post-program follow-up, and to describe the impact of a best practice dietary modification program used in this study.
Methods
The full methodological details of this study have been published previously. 4 Briefly, the HIKCUPS randomized controlled trial recruited overweight children and their families between April 2005 and April 2006, predominantly through school newsletters. Inclusion criteria included children aged 5-9 years, overweight or obese according to International Task Force definitions, 5 not taking medications that affect weight status, pre-pubertal and with a caregiver or parent willing to attend group education sessions. Eligibility was originally assessed by telephone interview, and parental written consent for child participation was obtained. Participants were randomly allocated to one of three intervention groups, using the bias-coin method of allocation, using a computer-based random number-producing algorithm. This method ensures equal chance of allocation to each group. The study compared three treatment groups: 
Dietary intervention description
The PRAISE program was refined from a pilot program and was targeted at parents given their pivotal role in the provision of young children's food. 7 The program was based on the Health Belief Model 8 and used a solution-focused treatment approach to incrementally improve food behaviors and diet quality. PRAISE aimed to empower parents to tailor lifestyle changes to their family's needs by taking the emphasis off weight loss and shifting the focus to changing usual food habits, using positive reinforcement and incentives. Parents were encouraged to role model positive food habits, set realistic goals, build on successes and develop supportive family lifestyle factors. Measures of success included change in dietary habits and behaviors and also parental feeding practices. The 6-month intervention was divided into two components: 10 2-h group sessions run weekly for a whole school term, followed by monthly follow-up phone calls for 3 months. The phone calls aimed to address progress with the family's goals that were set during the program and to problem-solve barriers to change encountered after the intervention. These phone calls followed a standardized study protocol. A modified version of the previously published food-based guidelines 9 formed the basis of the dietary intervention. These included the following: substituting full-fat dairy to reduced-fat varieties, encouragement of snack foods from core food groups with limited added sugar and fat, and limiting the intake of sweetened drinks including soft drink and fruit juice. These were used to direct family behavior change and to target decreases in total energy, fat and saturated fat intakes and to increase consumption of food and beverages from the Australian Guide to Healthy Eating core food groups and to decrease those from non-core foods, in line with the current national food selection guide. 10 Each session was a combination of information, discussion and practical activities to reinforce session aims. Session topics are described in Table 1 . Two rules were encouraged throughout the program to help empower parents to implement changes at both family and individual levels. First, parents were to decide what food was to be served and when it should be served, and second, the children were to decide if they were hungry and how much to eat. No alternatives were to be offered until the next scheduled meal or snack.
Resource materials developed for the program were provided to participants each week. Homework tasks were set to reinforce session content at home and to encourage 
Assessments
Baseline measurements were taken after randomization, with all outcome measures also assessed at 6 and 12 months post-commencement of the program. The primary study outcomes were changes in body mass index z-score and waist circumference and this is reported elsewhere. Secondary outcomes included changes in dietary intake, physical activity and fundamental movement skill proficiency, perceived competence, sedentary behaviors, biochemical variables, health-related quality of life and changes in child-feeding behaviors, as previously described. 4 This paper concentrates on changes in the dietary and food-related behaviors.
Adiposity. Weight was measured to the nearest 100 g with children wearing light clothing using Tanita HD646 scales (Tanita Corporation of America Inc., Illinois, USA). Height was measured to the nearest 0.1 cm using the stretch stature method and PE87 portable stadiometers (Mentone Educational Centre, Victoria, Australia). Non-extensible steel tape measures were used to measure waist circumference, which was measured at the level of the midpoint between the lower costal border and the iliac crest, as per standardized procedures.
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Dietary intake. This was measured using the Australian Schools Eating Survey, a 137-item semiquantitative food frequency questionnaire (FFQ) that has been previously validated for use in Australian children aged 9-16 years. 13 Eleven of the 137 questions related to food-related behaviors, including items on frequency of take-out food consumption and eating while watching television, were deemed supplementary questions. All other questions ask about frequency of consumption of a defined list of foods over the previous 6 months. Parents completed the questionnaire on behalf of their child at each time point. A trained research dietitian explained and administered the survey. Questions on specific food items from the FFQ were aggregated categorically based on food groups corresponding to the Australian Guide to Healthy Eating 10 that is breads and cereals, fruits, vegetables, dairy foods, meat or alternatives and non-core or extra foods. Each food item was further re-coded to subgroups within each core food group to further characterize food selections. These additional categories were decided by research dietitians with expertise both in pediatrics and in reporting dietary changes (CEC, JMW). For example, the non-core extras category was broken down into sweetened drinks, fruit juice, packaged snacks, baked sweet goods, deep fried take-out foods and fatty meats. assumed to be light (1.55 male subjects, 1.50 female subjects).
Statistical analysis
Descriptive statistics were undertaken and linear mixed models were generated to determine the main effects due to differences between groups and times and also the group by time interaction. No imputation of missing values was carried out for subjects; the study and subjects were analyzed in their allocated, randomization group. The effects were time (baseline, 6 and 12 months), intervention group (PRAISE, SHARK and COMBINED) and the interaction between them. Paired t-tests were used to determine differences between energy intakes calculated by FFQ and estimated energy requirements. Statistical significance was set at Po0.05. Statistical analysis was completed using SPSS version 15 (SPSS Inc., Chicago, IL, USA).
Results
A total of 165 children were recruited (58% female; age 8.0±1.5 years (mean±s.d.)). The retention rate was 70% at 6 months and 64% at 12 months. Complete dietary baseline data used in this analysis were available for 160 children (97%). There were no differences between study groups at baseline (Table 2) . Table 3 reports the mean daily energy and macronutrient intakes at baseline, 6 and 12 months and the differences from baseline at the two follow-up points. Figure 1 highlights that all intervention groups achieved significant reductions in dietary energy intake (expressed in kJ kg À1 ) between baseline and both 6 and 12 months (37±5.8, 61 ± 6.6 kJ kg À1 , Po0.001, respectively). No significant differences in the reduction in kJ kg À1 were detected between the intervention groups over time (P40.05). Energy intakes (EI) were statistically significantly greater than estimated energy requirements (EER) at baseline and 6 months, but not at 12 months (Po0.05). The mean difference between EI and EER Child obesity intervention and dietary intake and behaviors T Burrows et al at baseline, 6 and 12 months were 2548±3617, 955±3061 and 276 ± 2893 kJ, respectively. The mean daily grams of fat decreased significantly by 15±2.5 g day À1 (Po0.001) at the first follow-up time point
and was sustained at 12 months, though no further reductions were reported between 6 and 12 months. The macronutrient composition changed with the percentage energy derived from protein increasing, whereas that of fat and carbohydrates decreased over time ( Table 3 ). The percent energy derived from carbohydrates and also total grams of carbohydrate consumed decreased at both follow-up time points (Po0.001). This change corresponded with reported decreases in total sugars. Total serves of vegetables did not change throughout the study, though the reported baseline intake was above average (5.1 ± 0.2 serves per day).
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Minimal changes were found for fiber intake (Table 3 ). Significant interactions were found by gender over time for protein, sugars, calcium and zinc. Figure 2 displays the mean change in percentage energy from core and non-core food groups at baseline, 6-and 12-month follow-up for all participants. The percentage energy from all core food groups, except fruit, increased significantly from baseline to 12 months (Po0.005), whereas percentage energy from the non-core extras significantly decreased at both time points (Po0.001, respectively). Table 4 indicates that the largest mean percentage energy decreases were for the food subgroups of sweetened drinks (5.0 ± 0.4 vs 2.9 ± 0.3% energy, baseline to 12 months, Po0.001) followed by confectionary (8.0 ± 0.4 vs 6.5 ± 0.4% energy, baseline to 12 months, Po0.05) and packaged snacks (5.4±0.3 vs 4.1±0.3% energy, baseline to 12 months, Po0.001). Other notable decreases within the non-core extras category were for fruit juice and fatty meats.
Descriptive information on frequencies of responses for supplementary questions relating to food behaviors is shown in Table 5 . A quarter (25%) of parents reported that at baseline, their children had two to three serves of fruit per day. This increased to 41% at 6 months and decreased to 31% at 12 months; 45% of families reported consuming vegetables with their dinner five or more times per week at baseline, which increased to 68% at 6 months but fell to 54% at 12 months. Forty-five percent of parents reported that take-away foods were consumed less than once per week. This increased to 59% at 6 months and was sustained at this level at 12 months. Six percent of parents reported that they consumed takeaway foods three to four times per week at baseline, and this fell to 1% at both follow-up time points.
Discussion
The aims of this paper were to describe the dietary intake and food behavior changes reported by parents of overweight children participating in an obesity intervention, at all stages of the intervention and follow-up. The three intervention arms in the HIKCUPS randomized controlled trial were effective in achieving changes in dietary intake in the desired direction, both in the short and in the longer term. However, statistically significant differences between intervention groups were not detected in any dietary variable at any of the time point.
At baseline, EI exceeded EER. Post-intervention, the difference between EI and estimated EER decreased, in line with a reduction in relative body weight published elsewhere, suggesting that the Australian Schools Eating Survey FFQ was sensitive in detecting a reduction in kJ kg À1 over time.
Dietary changes reported by parents in this study were in line with the intervention's food-based guidelines and the brief advice booklet. These included decreased total energy intake, increased percentage of energy derived from core food groups and decreased foods and beverages from the non-core extras group. All groups significantly increased their mean percentage of energy from the core food groups, with the exception of vegetables and fruits, which met the recommended serves per day at baseline. However, there were ongoing reductions in consumption of non-core extra foods from 6 to 12 months.
The sustained reduction in kJ kg À1 at 1 year was unexpected, as the limited number of intervention studies in children suggests that dietary changes are not sustained Table 2 Baseline characteristics of overweight and obese children (n ¼ 160) participating in a randomized controlled trial by treatment group Child obesity intervention and dietary intake and behaviors T Burrows et al Table 3 Daily intakes and differences from baseline to 6 and 12 months follow-up in energy, macro-and micronutrients of overweight and obese children (n ¼ 160) participating in a randomized controlled treatment trial displayed as total group and by allocated treatment group due to rebound in weight status once the intervention ceases. 3 This suggests that families participating in HIKCUPS might have learnt food-related skills that they have been able to adopt long term resulting in changes in usual dietary habits.
Food-related behaviors improved. Families reported reducing the frequency of eating meals in front of the television, a strategy that has been shown to influence the quantity of food consumed, as well as food preferences. 16 Families also ll Figure 1 Mean reduction in energy intake, displayed in kJ kg À1 , by treatment group over time (baseline, 6 and 12 months) in overweight and obese children (n ¼ 160) participating in a randomized controlled treatment trial. No significant differences by intervention group, significant differences from baseline to 6 months* and baseline to 12 months # ; * ,# Po0.05. Figure 2 Changes in percent total energy contributed by food group over time in overweight and obese children (n ¼ 160) participating in a randomized controlled treatment trial. No significant differences by intervention group; *Po0.05, **Po0.001. Child obesity intervention and dietary intake and behaviors T Burrows et al reported including vegetables with their evening meal more often, reducing the consumption of take-out food and the average amount of television watched. Parents enrolling in this randomized controlled trial were likely to have been ready to make lifestyle changes, including dietary change, regardless of allocation to treatment group. The improved dietary patterns seen in the SHARK group suggest that brief dietary advice may be an appropriate and a cost-effective initial dietary intervention when parents are seeking treatment for their overweight child. More intensive treatment programs could then be reserved for families requiring further support or where initial brief advice is not sufficient to elicit improvements in dietary intake and food habits. A similar result was found by Braet et al., 17 showing that a motivated 'convenience'
control group was as effective in relative weight loss when compared with more intensive intervention groups. Although statistically significant and important dietary changes appear to have been induced through the use of a brief nutrition booklet, there may be other reasons why between-group differences were not detected. The study was powered only for the primary outcome of body mass index z-score and thus the study may have been underpowered to detect differences in dietary intake between groups.
Limited comparisons can be made with other studies. There is a paucity of data on long-term effects post-treatment in overweight children 18 and even less for reports of dietary changes. No between-group differences in weight were reported by Epstein et al. 19 for two of four studies with long-term (10 year) follow-up. In one study, 20 families were randomized to regimes of diet and lifestyle exercise, diet alone or to a non-treatment control. The other study 21 assessed the effects of parental weight status, two non-obese parents versus at least one obese parent and child self-control on child weight loss. No between-group differences in relative weight loss were found in these studies. Earlier intervention studies such as these commonly restricted total daily energy intakes to 900-1500 kcal per day Overall food intake was reduced after the HIKCUPS interventions, without compromising nutritional adequacy. The dietary changes sustained at 12 months included reducing the overall total quantities and energy density of food and beverages consumed and changing to and sustaining lower sugar and fat intakes, which is in line with the limited studies available for comparisons. Key improvements in food and beverage choices were seen in sweetened drinks and packaged lunch box snacks, indicating that these are achievable changes that should be targeted in future interventions. Dietary changes that improved post-program but rebounded by 12 months, or showed minimal modifications, included decreasing the amount of energy derived from fruit juices, packaged snacks, baked sweet products and decreasing food sources of fat and saturated fat. This suggests that families may find these more difficult to modify and may need more support in these areas or that these require more focus in treatment or should be targeted during follow-up.
Limitations of the study include the use of an FFQ as the dietary assessment tool. Although known to be associated with an over-reporting bias, 22 the same instrument was used repeatedly, increasing the likelihood of a systematic rather than random error. FFQ responses are categorical contributing to increased standard errors of the mean for dietary variables and therefore an increased chance of a type-2 error and inability to detect between-group differences as statistically significant. Other potential biases include the halo effect, with parents reporting socially desirable responses once the nutrition education was given; a training effect, although the FFQs were completed 6 months apart, and estimation of portion size by using standardized portions. Parents were responsible for reporting their children's dietary intake. Foods eaten outside the house may have been underreported. However, parental recalls for intake in children under the age of 12 years have been previously shown to be relatively reliable. 23 Despite these limitations, we believe that the relative reductions in energy intake are likely to be real, due to sustained improvements in body mass index z-score over the 12-month follow-up. 24 This study examined the efficacy of three intervention arms in the treatment of child obesity; a lifestyle dietary modification program, a physical activity skill development program and a combination of both the programs. The key finding was that all groups decreased their energy intakes but maintained nutritional adequacy and demonstrated Child obesity intervention and dietary intake and behaviors T Burrows et al significant improvements in dietary intake at 6 months, the majority of which were sustained at 12 months. These dietary changes were associated with improvements in weight status at 6 and 12 months. This study adds to the evidence base for targeting decreases in total energy, fat, sugar, sweetened drinks and take-out foods, increasing the consumption of low-fat dairy products and vegetables, and using parents as the agents of lifestyle change, as key components of effective dietary interventions for child obesity.
